ABSTRACT Medication errors are globally huge in magnitude and associated with high morbidity and mortality together with high costs and legal problems. Medication errors are caused by multiple factors related to health providers, consumers and health system, but most prescribing errors are preventable. This paper is the third of 3 review articles that form the background for a series of 5 interconnected studies of prescribing patterns and medication errors in the public and private primary health care sectors of Saudi Arabia. A MEDLINE search was conducted to identify papers published in peer-reviewed journals over the previous 3 decades. The paper reviews the etiology, prevention strategies, reporting mechanisms and the myriad consequences of medication errors.
Introduction
The issue of medication prescribing errors was little discussed until 1962, when Barker and McConnell in the United States of America (USA) first demonstrated that medication errors occur more frequently than suspected. They estimated a rate of 16 errors per 100 doses [1] and suggested that the apparent increasing rate of prescribing errors was proportionate to the increasing number of drugs available. Subsequently, reporting systems for reporting medication errors were set up in the USA and Europe [2, 3] . Health care professionals who encounter actual or potential medication errors are encouraged to report them confidentially, or anonymously if preferred. In 1995, a multidisciplinary group of 17 national organizations formed the National Coordinating Council for Medication Error Reporting and Prevention. Since then there have been many other landmark developments with regard to reporting of prescribing errors [2] .
There are few studies from Gulf countries that explore medication prescribing errors in different settings, and in primary health care (PHC) in particular, compared with more industrialized countries. This paper is the third of 3 review articles that form the background for a series of 5 interconnected studies of prescribing patterns and medication errors in the public and private primary health care sectors of Saudi Arabia [4] [5] [6] [7] [8] .
Prescribing errors: the size and nature of the problem Adverse drug events (ADEs) occur when a drug causes injury but ADEs that are associated with a prescribing error are considered preventable. ADEs due to prescribing errors are thought to cause considerable mortality and morbidity in hospital patients and are associated with a huge annual cost, estimated to be US$ 17-29 billion per year in US hospitals [9, 10] . Prescribing errors occur much more frequently than ADEs, although fortunately most have little potential for harm [11] . It has been estimated that 3%-24% of all prescriptions contain errors [12, 13] . Medication errors occur between 5 and 80 times per 100 000 consultations, mainly related to the processes involved in diagnosis and treatment [12] . Prescribing and prescription errors have been identified in up to 11% of all prescriptions in PHC, mainly related to errors in dosage.
An understanding of the true frequency and nature of medication errors is complicated by the different definitions and methods used in the studies. In PHC, further research is warranted to understand the complex nature and causes of the errors that occur so that appropriate policy decisions can be made to improve patient safety [12] . A multicentre audit in the United Kingdom (UK), Germany and France reported 81 medication error incidents in hospitals, mainly due to incorrect doses, which involved 1144 children. There were at least 29 deaths, 9 of which involved neonates. The researchers suggested that there was a need for a national surveillance scheme for medication errors in paediatric patients [13] . In another study discrepancies in prescribing occurred for 39 out of 43 patients being transferred between primary and secondary care [14] . Discrepancies at the time of admission occurred for 69% of drugs studied and, following discharge, for 43% of drugs. It was estimated that harm would occur to the patient, should the discrepancies be reproduced, in 24% of cases at admission and 18% of cases at discharge respectively. In a study of intravenous medication errors in the UK and Germany, it was found that omission errors and incorrect rates of administration occurred frequently, with moderate to severe adverse outcomes [15] . A high rate of the drug errors were related to intravenous drug doses (49%), mostly when giving bolus doses or when making up an injection requiring multiple steps [16] . In a case study, Bates discussed the multiple issues surrounding a medication error in a 40-year-old woman in the course of outpatient care [17] . The author suggested that drug safety will be improved only when prescriptions can be sent electronically to the pharmacy site, thus reducing handling by different people, and that health care providers must focus on electronic dispensing of drugs. In a study of inpatients, it was reported that 81% of patients had drug-related problems and the most commonly involved drugs were warfarin, digitoxin and prednisolone, with calculated benefit/risk ratios of 0.48, 0.42 and 0.26 respectively [18] . Gandhi et al. found that 79% of reported complications among outpatients related to use of prescription drugs [19] .
Dean et al. used the Delphi consensus method to develop a definition of prescribing errors for use in quantitative studies of incidence [20] . Health care professionals were in broad agreement about the types of events that should be included and excluded as prescribing errors. In general, transcription errors, failure to communicate essential information and the use of drugs or doses inappropriate for the individual patient were considered prescribing errors; deviations from policies or guidelines were not.
There are difficulties, however, when the definition of prescribing error varies and gives rise to differences in the reported rates of errors, e.g. rates of 0.4% to 1.9% in various USA studies compared with 1.5% in a UK hospital setting [20] . Other variations arise from different geographical settings and study institutions [21] . There has been an apparent increase in ADEs, which may be due to better recognition of errors rather than a true increase: over the past 15 years fatalities from recognized prescription errors have allegedly more than tripled from 2876 to 9856 in the USA.
Prescribing errors and their diversity across studies have been recently explored in PHC [12] and 15 prevention strategies for reducing medication errors in ambulatory practice have been described [22] . In a meta-analysis of 38 studies evaluating interventions to reducing ADEs in PHC, Royal et al. found relatively weak evidence that pharmacist-led medication reviews were effective in reducing hospital admissions [23] . There is currently no evidence for the effectiveness of other interventions which aim to reduce hospital admissions or preventable drugrelated morbidity, and there is a need for more randomized controlled trials of PHC-based interventions.
In a related development in the UK up to 55% of general practitioner (GP) consultations end in a drug prescription [24] and in the USA up to 70% of all physician office visits result in a prescription [25] . Whether or not issuing a prescription is a true reflection of the level of patient's illness, and is the correct treatment strategy, is in many cases uncertain. Some researchers have discussed the safety of drug use in the context of PHC by understanding the system in which the drug is prescribed [26] .
Prescribing error database collecting mechanisms
In some industrialized countries, there are databases that help licensing authorities to study the utilization of drugs [27] . Despite some deficiencies, such as missing data, these drug reporting systems can be used to address issues related to medication errors and patient safety [28] , such as evaluating errors and providing feedback. They bring openness and transparency to the reporting of medication errors and allow the genesis of and processes underlying such errors to be analysed in detail.
Consequences of prescribing errors
In an influential editorial in 2001, MacKinnon stated that ADEs were pandemic, and were increasing worldwide. ADEs due to medication errors are claimed to be the 5th most common cause of deaths globally [29] . Others have estimated that about 25% of hospital deaths due to medication errors are preventable [30] .
Prescribing errors cause a wide range of potentially serious health problems. ADEs, a large proportion of which are likely to be related to prescribing errors, cause an estimated 850 000 episodes of illness within the UK national health service [31] [32] [33] [34] [35] [36] . The Institute of Medicine (IOM) report found that medication errors in the US killed 7000 people annually at a cost of US$ 2 billion [37] . These studies were mainly hospital-based and some researchers have questioned whether rates selectively reported from hospitals are representative of international trends [38, 39] , in part because in some studies the risks of death due to medication errors were not separated from expected deaths due to the patient's illness [30] . Other researchers reaffirm the high rates but acknowledge that data from some studies may have been overestimates, sometimes even for non-medical reasons [40] .
Prescribing errors in paediatrics: a more vulnerable population
Prescribing errors have also been analysed in children, who are an especially vulnerable population because they are less capable of capturing doserelated errors dispensed wrongly by pharmacists. Typical errors involve mathematical calculations and decimal point misplacement in 27.9% of drug prescriptions [41, 42] . Buck also highlighted the prescribing dose calculation errors in children and suggested some tips for medication prescribers, which are also applicable to prescribing for adults and the elderly [43] . Kaushal et al. explored patterns of medication errors and ADEs in paediatric settings, together with preventive strategies, and found that medication errors were reported in 5.7% of paediatric patients [44] . Walsh et al. have also reviewed strategies for reducing paediatric medication errors [45] . In general, studies on drug prescribing in paediatric patients [44] are relatively few in number compared with those in the adult population and this is therefore an important avenue for further research.
Causes of medication errors
Prescribing errors caused by multiple factors related to health professionals and health systems [9, 12, 13, [46] [47] [48] [49] will be reviewed here in some detail.
Prescriber-related errors
Errors from the prescribing process are a key factor in medication errors. Lack of knowledge on the part of the prescriber is one cause of medication error, e.g. when a physician is inexperienced, uses outdated therapeutic protocols or does not update his/her knowledge based on new evidence for particular drugs [50] . Physicians are often required to write a prescription when the diagnosis is far from clear and a pattern of prescribing ineffective or even dangerous therapy may become established.
Poorly written prescriptions are another aspect of prescriber-related errors. [48] . Most mistakes were made because of lapses of attention by prescribers or because prescribers did not apply the relevant rules or failed to identify risk factors. In contrast to these qualitative studies, a systematic review of resident physicians found that reducing their working hours had no effect on patient safety [56] . It seems likely that these factors may apply equally to prescribing in PHC.
Patient-related errors
The second main factor in medication errors is related to errors by patients. These are mainly due to mistakes in the use of the drug, and of course a higher number of prescription items increases the risk of errors. Therefore a key responsibility of all health care professionals is to explain clearly to patients how to take their medication.
The risk of medication errors is also related to patients' characteristics, as illustrated by high reported rates of medication errors involving black male and female patients compared with their white counterparts [57, 58] . Other patient factors such as extreme age and weight are also associated with a greater risk of medication error [59] . A substantial proportion of older patients on high-risk medications do not recall receiving instructions about the use of their medications and do not take advantage of existing systems for organizing their medication regimen [60] .
Another component in patient-related errors is compliance. The traditional concept of full patient compliance with the doctors' orders has been replaced by more modern ideas such as adherence and concordance. A variety of factors affecting doctor-patient concordance have been explored [61] and a considerable literature exists on the correlates of concordance/non-concordance rates between patient and prescribing physician. In 1 study, younger age of patients, financial strain, low self-rated health and low trust in the health-care system were associated with primary non-concordance with medication use [62] .
Pharmacist-related errors
Finally, errors by pharmacists in dispensing drugs are an important cause of medication error, and many factors have been identified. The reported rate of dispensing errors ranges from 3.8% to 12.4% [63] , and these can be attributed to a number of factors, including untrained support staff [64] and overwhelming workload in healthcare systems [65] . Pharmacy personnel make common errors in calculations, in preparation and compounding, and in dispensing and distributing medications, partly due to systems failure. On the other hand, pharmacists are key players in the prevention of medication errors by checking for incorrect prescriptions written by physicians.
Legal implications and ethics of medication errors
Ferner observed 4 important legal points in medication errors that have led to manslaughter charges and noted that the system for dealing with medication errors needs to be non-punitive [66] . Patients and doctors would be safer if an independent inquiry were guaranteed and the criminal law were reserved for those doctors who show "such disregard for life and safety as to amount to a crime against the state" [66].
On a separate issue, reviewers have discussed the legal, ethical and practical aspects of medication errors and argued that the disclosure of errors to patients should be candid and timely and that this can lessen, rather than increase, the likelihood of medicolegal action [67] . They further pointed out that in cases of professional negligence or systems failure resulting in serious harm to patients, there should be a prompt response to prevent further occurrences and to provide patients with the right to redress.
While allegations of negligence, criminal court rulings against doctors and nurses and financial compensation related to medication errors are common in advanced countries, they are still very rare events in Gulf countries. But with the increasing education level of the population, it is likely that the authority of the doctor may increasingly become eroded and litigation against doctors may become more common in Saudi Arabia in the future.
Prevention of medication errors
Despite their multiple etiologies, prescribing errors are amenable to prevention. Even though the mortality rate and financial costs due to medical errors may not be excessive, health authorities should implement preventive strategies based on theories of behavioural change that should target identified influences on prescribing behaviour of health providers and consumers [68] .
Role of pharmacists
Pharmacists have a key role in avoiding prescribing errors, both their own and those of physicians. Buurma et al. reported on the role of pharmacists in intervening to modify prescription errors [69] . By extrapolation, they estimated a daily occurrence of approximately 2700 positive interventions in all Dutch pharmacies, i.e. 1.6 per pharmacy per day. In a list of strategies for improving the safety of drug delivery, MacKinnon highlighted the role of pharmacists in preventing medication errors [29] . He suggested pushing for better medication use standards to protect the public and to lower the "quality tax" on superior producers who are producing a higher quality service for standard remuneration. Such improvements would then force "marginal operators" to improve or leave the industry. Helling too has suggested a more proactive role for pharmacists and nurses in improving drug-use systems and enhancing patient safety through reduction of medication errors [70] .
Kelly has discussed the underlying causes of pharmacy-related medication errors and proposed several preventive strategies including errors due to system failure, errors due to insufficient supervision or staffing and errors by pharmacy personnel, such as calculation errors, preparation and compounding errors, dispensing and distributing errors [71] . This summary analysis reported that faulty prescribing was the most common reason for medication errors and that incorrect dosage was the most common type of error accompanying lawsuits in 13% of cases.
Millonig et al. reviewed and discussed the significance of pharmacists' access to patient-specific health care information in relation in reducing patients' risk of medication-related problems [72] . Participation by pharmacists in post-admission ward rounds was shown to reduce both medication errors and prescribing costs in teaching hospitals in the USA and UK [73] . Another benefit of involving pharmacists in prevention of medication errors is that they have demonstrated very positive attitudes towards medication error reporting [74] .
Role of physicians
According to Dean et al. medication errors are preventable in at least 25% of cases in hospital inpatients, and can be greatly reduced if certain guidelines are adopted. Their 9 simple and pragmatic recommendations focused mainly on doctors' behaviour in a hospital setting [48] .
It has been reported that nearly half of all physician errors are intercepted, 86% by nurses and 12% by pharmacists [75] . Likewise, one-third of order transcription and dispensing errors are discovered prior to administration. The stage of medication administration is the most vulnerable to errors that adversely affect patient care, because only 2% of such errors are intercepted. According to Ferner, medication errors are unacceptably common and unforeseen difficulties can arise whenever a change is made to hospital systems [76] .
As well as accurate prescription writing, physicians also need to take account of other medications being used by patients when they are prescribing. It has been reported that while 86% of physicians enquired about the patient's use of over-the-counter drugs, less than 50% of them took account of the use of herbal drugs before prescribing a new therapy [77] . Notably, non-prescription drugs may interact adversely with prescription drugs and lead to ADEs and other comorbid disorders.
It is recommended that doctors in all health settings should report ADEs routinely as this helps prevent further prescribing errors [78] [79] [80] [81] . This will not happen, however, if doctors fear being blamed for ADEs. It has been argued that an anonymous system of reporting is required, akin to aircraft pilots reporting "near miss" aircraft incidents [29] . To support this, a reliable and valid way of assessing the severity of medication errors is needed, especially in view of the medicolegal consequences [82, 83] .
One group of researchers has validated a series of 29 indicators for preventing drug-related morbidity-selected out of 57 indicators using a 2-round Delphi technique; these aim to facilitate a reduction in the human, clinical and economic burden of drug-related morbidity [84] .
Role of computerized prescribing systems
In addition to the solutions mentioned earlier for preventing such errors, computer reminder systems and computerized drug interaction alerts may assist in the prevention of medication errors [85] . The introduction of electronic prescribing systems may considerably reduce medication errors, enhance the quality of prescribing and efficiency of physicians, and reduce the cost of prescribing [86] . More studies are needed to collect the evidence to substantiate or refute these views. Computerized physician order entry (CPOE) systems have been shown to enhance patient safety by decreasing ADEs in a paediatric hospital [87] . Wilson and Sheikh have highlighted some important problems with computerized systems for prescribing and also outlined 7 steps to promote prescribing safety in PHC [88] : understand systems; leadership and culture; research; event analysis; establish best practice; use improvement techniques and technology; and monitor safety.
It is claimed that about 74% of avoidable medication errors could be eliminated by computerized prescribing systems [89] , including barcodeenabled point-of-care (BPOC) technology. This aims to protect patients from prescription and dispensing errors as well as administration errors by providing checks at the point-of-care, i.e. at administration rather than dispensing of medications. BOPC has different levels of sophistication from level 1 which automates checking the 5 rights (right patient, right medication, right dose, right time and right route of administration) to level 3 with computer logic and rules engines to provide decision support information related to high-risk situations such as lookalike/sound-alike drug names, patient allergies and clinical guidance regarding the effects and undesirable effects of some medications. Several studies have reported that BPOC systems lead to a 65%-74% decrease in medication errors [89, 90] . Researchers also found that computer-assisted prescriptions were more than 3 times less likely to contain errors and 5 times less likely to require pharmacist clarification than handwritten prescriptions [91] .
Avery et al. established a consensus on the most important safety features of physicians' computer systems in PHC [92] . There was a high level of agreement among the panel of experts about the need for computerized alerts and the need to avoid spurious alerts. Ironically, Ferner reported that highly computerized hospitals have high rates of ADEs and not simply better reporting of such events [93] . The study concluded that high rates of ADEs may continue after implementation of CPOE and related computerized medication systems if these lack decision support processes for drug selection, dosing and monitoring. Therefore while computerized systems may be helpful in highlighting the existence and extent of ADEs, they have a limited impact in ameliorating such problems.
Role of nurses
Nurses too can have a positive role in preventing ADEs and prescribing errors. First, they can act to prevent the dispensing of drugs against poorly written prescriptions by doctors. Nurses empowered to report ADEs were shown to be as effective as doctors, and this has led to extension of their powers to write yellow cards reporting ADEs [94] .
Secondly, as dispensers of drugs to patients in hospitals, nurses themselves may be a source of medication errors, e.g. by issuing the wrong drug to a particular patient or making errors in dosage or timing. According to Pape et al. factors increasing the risk of medication errors by nurses include multiple distractions and interruptions and a lack of focus during tasks. They demonstrated the effectiveness of innovative approaches such as protocol checklists and visible signage tools to help avert medication errors [95] .
In the UK at least, nurses now have prescribing rights, after receiving additional training similar to that of doctors. Whether these nurses are now prone to the same prescribing errors as doctors remains a matter for further study.
Role of medication use systems
In a workshop on information systems solutions to medication errors, comprehensive guidelines and recommendations emerged for improving medication systems, applying technology and preventing human error, and for medical, nursing and pharmacy staff to achieve better outcomes for patients [96] . Systems failures rather than individual error were thought to be the major causes of medication errors. Besides other recommendations, medication error prevention strategies that were highlighted were as follows: assess risk from medical errors; audit outcomes information systems; mandatory reporting of errors; use of databases and tools; simplification of key processes such as physicians order entry; design job for safety; reduce reliance on memory; use behaviour-shaping constraints (a technique to prevent the user from making common errors or mistakes); and standardization of work processes [96] . There is a constant need to redesign systems in such a way as to facilitate the detection and prevention of medication errors [40] . Notably, there is surprisingly little evidence that interventions reduce the risk of medication errors [97] . CPOE, simulation, team training programmes, root cause analysis, barcoding and error reporting systems were not found to reduce errors in such trials [98] . Health care providers should be cautious in utilizing these untested preventive strategies in reducing medical errors.
Role of health care consumers
Patients have a special role in reducing medication errors and enhancing their own safety [17] . Patients should be encouraged to give details of their nonprescription medications to physicians and ask for relevant details about drugs they have been prescribed. Patients should also check their prescriptions every time they refill them and, most importantly, should notify the pharmacist of any change in medications before using them. Weingart et al. reported on a promising strategy to involve inpatients in a partnership to prevent ADEs by giving them more information about their medication, although they called for more studies to establish the efficacy of this [99] .
To summarize, medication errors are frequent in hospitals, in tertiary care settings and also in PHC. They are also under-reported. The exact frequency of under-reporting is not clear as different studies have used varying definitions and methods.
Prescribing errors are caused by multiple factors related to health care providers, consumers and systems, and can occur during any stage of medication use. They can cause substantial disability and morbidity and even mortality, as well as wasting resources which could be better used in other ways. They undermine public confidence in the practice of medicine and in the health care systems. A great proportion of medication errors would be avoidable if preventive strategies were applied by health providers and if such measures were incorporated into systems for monitoring the quality of all health care settings [100], especially private practice settings, which are an important part of the overall health care system in Saudi Arabia. The Center for Diabetes Education in collaboration with the other societies are organizing the 15th Pan Arab Conference on Diabetes. Experts from a number of countries will exchange their experiences in the field of diabetes and its related disorders. This conference is already the biggest in the Arab region and also in the whole Middle East area.
The scientific sessions will be dominated by scientific data from worthy speakers. Recent advances in population studies, and clinical and basic research will be presented. International scientists will give state of the art lectures. A number of sessions will be devoted to presentations of original contributions. Many satellite symposia will be held during the conference. This will be beneficial for post graduate trainees, district specialists and family physicians. The congress will focus on new aspects and current updates, introduced recently in the field of diabetes and its related disorders.
For more information, visit the conference website at: http://www.arab-diabetes.com/index.html
